Objective: This study aimed to assess three-dimensional changes in the temporomandibular joint positions and mandibular dimensions after correction of dental factors restricting mandibular growth in patients with Class II division 1 or division 2 malocclusion in the pubertal growth period. Methods: This prospective clinical study included 14 patients each with Class II division 1 (group I) and Class II division 2 (group II) malocclusions. The quad-helix was used for maxillary expansion, while utility arches were used for intrusion (group I) or protrusion and intrusion (group II) of the maxillary incisors. After approximately 2 months of treatment, an adequate maxillary arch width and acceptable maxillary incisor inclination were obtained. The patients were followed for an average of 6 months. Intraoral and extraoral photographs, plaster models, and cone-beam computed tomography (CBCT) images were obtained before and after treatment. Lateral cephalometric and temporomandibular joint measurements were made from the CBCT images. Results: The mandibular dimensions increased in both groups, although mandibular positional changes were also found in group II. There were no differences in the condylar position within the mandibular fossa or the condylar dimensions. The mandibular fossa depth and condylar positions were symmetrical at treatment initiation and completion. Conclusions: Class II malocclusion can be partially corrected by achieving an ideal maxillary arch form, particularly in patients with Class II division 2 malocclusion. Restrictions of the mandible in the transverse or sagittal plane do not affect the temporomandibular joint positions in these patients because of the high adaptability of this joint. 
INTRODUCTION
Class II malocclusion is a common clinical entity and is categorized into Class II division 1 and Class II division 2 malocclusions. The former is characterized by labially inclined maxillary incisors and an excessive overjet, 1 while the latter is characterized by a Class II molar relationship with retroclined maxillary incisors. 2 According to McNamara and Brudon, 3 one of the most important causes of Class II malocclusion is maxillary constriction. Relative constriction of the maxilla leads to mandibular retrusion. 4 Therefore, maxillary expansion in the early phase can lead to the forward positioning of the mandible during the retention period in patients with Class II malocclusion associated with maxillary constriction. 3, [5] [6] [7] Rapid palatal expansion appliances are commonly used in studies evaluating mandibular positional changes after maxillary expansion. 4, 6, [8] [9] [10] However, Sayin and Türkkahraman 11 recommended slow maxillary expansion rather than rapid maxillary expansion for the treatment of Class II division 1 malocclusion in the absence of skeletal constriction. One of the most effective appliances used for slow maxillary expansion is the quad-helix. 12 In Class II division 2 malocclusion, the mandible is restricted by retroclined upper incisors. 13, 14 Therefore, incisor protrusion using utility arches is also necessary in addition to maxillary expansion using the quad-helix. 12, 15, 16 In either case, the goal of treatment is to facilitate the spontaneous correction of Class II malocclusion by eliminating the factors restricting mandibular movement.
Spontaneous correction is generally achieved not through mandibular growth but through the elimination of occlusal interferences that enables the mandible to move forward to a more comfortable position. 6, 7, 13, 17 Mandibular growth is difficult to distinguish from mandibular positional changes without clear assessments of the temporomandibular joint and mandibular body. Therefore, the use of cone-beam computed tomography (CBCT) for temporomandibular joint imaging can provide better results. [18] [19] [20] [21] To the best of our knowledge, no studies have evaluated three-dimensional (3D) mandibular positional changes after the elimination of maxillary occlusal interferences in patients with Class II division 1 or division 2 malocclusion.
Therefore, this study aimed to investigate and compare 3D changes in the mandibular dimensions and temporomandibular joint positions in patients with Class II division 1 or division 2 malocclusion in the pubertal growth period after correction of the maxillary arch form using the quad-helix and utility arches.
MATERIALS AND METHODS
Patients in the pubertal growth period determined using the cervical vertebral maturation method 22 who exhibited Class II division 1 or division 2 malocclusion with transverse maxillary deficiency were considered eligible for this pro spective clinical trial. On the basis of these criteria, 14 patients with Class II division 1 malocclusion (group I) and 14 with Class II division 2 malocclusion (group II) were recruited from the Department of Orthodontics, Faculty of Dentistry, Hacettepe University (Ankara, Turkey). Group I comprised eight girls and six boys and group II comprised six girls and eight boys. Ethical approval for this investigation was granted by the Hacettepe University Ethical Committee of Non-Invasive Clinical Research (institutional review board number: LUT 12/09-02). All of the patients and their guardians were informed and signed informed consent.
None of the patients had a unilateral or bilateral posterior crossbite, although transverse maxillary deficiency was evident during forward mandibular movement to achieve a Class I relationship. Minimal anterior crowding was present (0−3 mm). Group I patients showed a mean overjet of 8.2 ± 3.6 mm and a mean overbite of 2.5 ± 1.4 mm; the corresponding values in group II were 5.4 ± 1.7 mm and 4.4 ± 1.0 mm, respectively.
Intraoral and extraoral photographs and CBCT images were obtained for all patients at the beginning of treatment (T 0 ) and after the follow-up period (T 1 ). After recording initial impressions, quad-helix appliances were fabricated and activated up to one molar width before cementation. In the same appointment, the quad-helix was cemented, the maxillary incisors were bonded, and leveling utility arches were placed. After 5 weeks, intrusion or intrusion and protrusion utility arches were placed in groups I and II, respectively. Once an acceptable maxillary arch width, a U-shaped arch form, and an ideal incisor inclination were achieved, the patients were followed for an average of 6 months to assess mandibular adaptation. After this period, followup impressions were recorded (T 1 ).
CBCT was performed using the Iluma Cone Beam CT Scanner (3M IMTEC, Ardmore, OK, USA) at 3.8 mA, 120 kVp, and a 19 × 24 field of view. The patients were seated in a natural head posture and maximum dental intercuspation like most of the studies that evaluate the temporomandibular joint. [18] [19] [20] [21] From the CBCT images, lateral cephalometric and panoramic radiographs were created using Quick Ceph Studio (Quick Ceph System, San Diego, CA, USA). Cephalometric analyses were performed using these radiographs.
For temporomandibular joint measurements, the CBCT images were saved as Digital Imaging and Com- 23 By determining the long axis of the condyle in the coronal and axial sections, a sagittal image (Figure 1 ) was constructed.
From the sagittal image, the following linear measurements were made (Figure 1 ).
Anterior joint space: the shortest distance between the most anterior point of the condyle and the posterior wall of the articular tubercle Superior joint space: the shortest distance between the most superior point of the condyle and the deepest point of the mandibular fossa Posterior joint space: the shortest distance between the most posterior point of the condyle and the posterior wall of the mandibular fossa Depth of the mandibular fossa: distance between the deepest point of the mandibular fossa and the plane formed by the most inferior point of the articular tubercle to the most inferior point of the auditory meatus.
Subsequently, the midsagittal plane was determined in the coronal and sagittal sections as a plane perpendicular to the anterior nasal spine-posterior nasal spine line and an axial image was constructed. From the axial image, the following linear measurements were made ( Figure 2 ): Greatest anteroposterior diameter of the mandibular condyle; greatest mediolateral diameter of the man dibular condyle; angle between the long axis of the mandibular condyle and the midsagittal plane; vertical distance from the geometric centers of the condyles to the midsagittal plane.
Statistical analysis
Every measurement was made twice by the same blinded observer, with a 3-week interval between measurements. To assess the reproducibility of all measurements, intraclass correlation coefficients and 95% confidence intervals were determined ( Table 1) .
The data were analyzed using SPSS for Windows version 11.5 (SPSS Inc., Chicago IL, USA). The ShapiroWilks test was used to examine the distribution of constant variables. Descriptive statistics are shown as means ± standard deviations.
Significant differences in mean values between the two groups were assessed using Student's t-test. To determine statistically significant changes in the groups, the dependent t-test was used for the mean values.
A p -value of < 0.05 was considered statistically significant. To control for type 1 errors, Bonferroni correction was applied to all multiple comparisons.
RESULTS
The mean age at T 0 was 11.2 ± 1.3 and 12 ± 0.9 years for the girls and boys, respectively, in group I and 10.9 ± 1.1 and 11.5 ± 1.3 years for the girls and boys, respectively, in group II. At the beginning of treatment, six and eight patients in group I were in the cervical stage (CS)2 and CS3 periods, respectively, while nine and five patients in group II were in the CS2 and CS3 periods, respectively. 22 The mean treatment duration was 8 months in both groups. No statistically significant differences were observed in the mean age, cervical vertebral maturation stage, and mean treatment duration between the two groups (p < 0.05).
The cephalometric measurements of dentoskeletal changes in both groups and the significance of these measurements are shown in Table 2 .
In both groups, the Condylion-Gnathion distance (CoGn), Condylion-B point distance (Co-B), and CondylionPogonion distance (Co-Pog) dis tances increased significantly (p < 0.05). However, in group II, SellaNasion-B point angle (SNB) and the facial depth angles as well as the Distance from Pogonion to Nasion-B point perpendicular (Pog-NB) and Articulare-Gonion distance (Ar-Go) distances also increased significantly (p < 0.05).
The results of the temporomandibular joint measurements and the significance of the changes are shown in Tables 3, 4 , and 5. In both groups, the anterior, superior, and posterior joint spaces and the anteroposterior and mediolateral condylar measurements did not show significant changes after treatment (p > 0.025). At T 0 and T 1 , there were no statistically significant differences between groups in the mandibular joint depth, the angle between the long axis of the mandibular condylar process and the midsagittal plane, and the vertical distance from the geometric centers of the condyles to the midsagittal plane (p > 0.0125). Moreover, there was no difference in any evaluated parameter between the right and left temporomandibular joints in both groups (p > 0.0125).
DISCUSSION
A few studies 18, 23 have evaluated 3D changes in the temporomandibular joint positions after orthodontic treatment using CBCT, although none of them evaluated positional changes after the elimination of occlusal interferences in patients with Class II division 1 or division 2 malocclusion. The current study conducted 3D assessments of changes in the temporomandibular joint positions after the elimination of occlusal interferences for free mandibular movement in the transverse and sagittal planes in patients with Class II division 1 or division 2 malocclusion. This study did not use a control group for ethical reasons, although the patients in both groups were in the same cervical vertebral maturation stage.
Guest et al. 8 compared 50 patients with a mixed dentition who were treated by acrylic-splinted rapid Values are presented as mean ± standard deviation. SNB, Sella-Nasion-B point angle; Pog-NB, Distance from Pogonion to Nasion-B point perpendicular; Co-Gn, CondylionGnathion distance; Co-B, Condylion-B point distance; Ar-Go, Articulare-Gonion distance; Co-Pog, Condylion-Pogonion distance. *For comparison of pre-and post-treatment measurements within groups, p < 0.025 according to Bonferroni correction was considered statistically significant. † For comparison of treatment effects between groups, p < 0.05 was considered statistically significant.
maxillary expansion with a control group of 50 subjects. The Co-Gn distance showed a mean increase of 1.3 mm in the treated group relative to the control values, with a statistically significant difference. In the present study, the increase in the Co-Gn, Co-B, and Co-Pog distances was statistically significant in both groups. However, in group II, SNB and the facial depth angles as well as the Pog-NB and Ar-Go distances also showed statistically significant increases, indicating that in patients with Class II division 2 malocclusion, the elimination of maxillary interferences may lead to a greater increase in the mandibular dimensions. Timmons 17 concluded that the mandibular position could change with cracking of the occlusal locks. Cleall and BeGole 16 suggested that protrusion of retruded maxillary incisors could lead to changes in mandibular closure in patients with Class II division 2 malocclusion. In the present study, mandibular dimensional changes were achieved by establishing an ideal maxillary dental arch form, particularly in patients with Class II division 2 malocclusion.
The saddle angle did not change in both groups, indicating no changes in the temporomandibular jo int positions. Moreover, measurements of the temporomandibular joint showed no statistically significant changes in the anterior, superior, and posterior joint spaces and the anteroposterior and mediolateral distances of the condyle between T 0 and T 1 . Aras et al. 24 used the Forsus TM (3M Unitek Co., Monrovia, CA, USA) fatigue resistant device in 29 Class II patients in the pubertal peak period for 9 months and evaluated the temporomandibular joint positions using magnetic resonance imaging (MRI). Although the mandibular dimensions increased significantly, no changes were observed in the temporomandibular joint positions. The authors concluded that the changes in the mandible could be related to the appositional growth of the condyle and glenoid fossa. To identify remodeling using MRI, images should be obtained more frequently. In the present study, CBCT records were obtained 6 months after maxillary arch correction. Therefore, condylar remodeling could have been the reason for the unchanged temporomandibular joint positions.
Ruf and Pancherz 25 treated 15 patients with Class II malocclusion using the Herbst appliance and performed MRI before, 6−12 weeks after, and at the end of treatment. On the 6−12-week images, 20 of 30 condyles showed signs of remodeling at the posterior and superior borders, and 22 of the joints showed glenoid fossa remodeling. However, on comparison of pre-and post-treatment MRI findings, no statistically significant differences were observed in the position of the condyle in the glenoid fossa. The study concluded that MRI should be performed more frequently to appreciate glenoid fossa and condylar remodeling.
In the present study, functional treatment methods were not employed. However, after eliminating the factors restricting mandibular movement in the transverse and sagittal planes, changes in the mandible and temporomandibular joints were assessed and compared between patients with Class II division 1 and those with Class II division 2 malocclusion. The results revealed statistically significant increases in the mandibular dimensions with forward movement of the mandible in the latter, but not in the former. These changes could be related to condylar and glenoid fossa remodeling after the mandibular positional changes. However, to confirm this hypothesis and rule out the changes related to physiological growth, further studies assessing temporomandibular joint images at more frequent intervals are necessary. In the present study, CBCT images were obtained 6 months after achieving the ideal maxillary arch shape. This minimum time interval was accepted to rule out the changes related to physiological growth; furthermore, a minimum 6-month period is necessary for the adaptation of the masticatory muscles to the changing functional demands.
26-29
The temporomandibular joint is highly adaptable and remodels in response to varying functional demands. Vitral et al. 18 treated a patient with a functional unilateral posterior crossbite using rapid maxillary expansion and observed adaptation and remodeling of the condyle on CBCT images obtained 7 months after treatment. Leonardi et al. 23 evaluated the condyle−fossa relationship before and after rapid maxillary expansion in patients with a functional posterior crossbite and compared the findings with those for a control group of 13 subjects. At the beginning of treatment, there were no statistically significant differences in the anterior, superior, and posterior joint spaces between the sides with and without a crossbite. After rapid maxillary expansion, the superior and the posterior joint spaces increased significantly on the side with a crossbite, while only the superior joint space increased on the contralateral side. These results are not in accordance with those of the present study. However, in the abovementioned study, the patients had a functional crossbite before treatment; this could have affected the initial joint positions. Symmetrical joint positions seen before the treatment could be due to the adaptation of the temporomandibular joint. The final impressions were recorded only 18 days after treatment, which may have been too early for the joints to adapt to the new position of the mandible. In the present study, although some mandibular dimensional changes were observed because of possible temporomandibular joint adaptation after 6 months, the mandibular positional changes were not in accordance with the temporomandibular joint positional changes, indicating that the temporomandibular joint positions do not change, irrespective of mandibular restriction in the transverse or sagittal plane. Therefore, the ideal temporomandibular joint positions can be established in both conditions.
In the present study, no statistically significant differences were found in the mandibular fossa depth, angle between the long axis of the mandibular condyle and the midsagittal plane, and vertical distance from the geometric centers of the condyles to the midsagittal plane between the right and left temporomandibular joints at the beginning and end of treatment; this was consistent with the findings in most previous studies. 19, 21, 23 
CONCLUSION
The following conclusions were drawn after treating patients with Class II division 1 or division 2 malocclusion to achieve the ideal maxillary arch form in this study.
The mandibular dimensions significantly increased in both groups after treatment. However, the increase in mandibular dimensions and the mandibular positional changes were significantly greater in patients with Class II division 2 malocclusion than in patients with Class II division 1 malocclusion. Nevertheless, a Class II relationship can be corrected to some extent through the achievement of an ideal maxillary arch form.
In both groups, there were no statistically significant changes in the anterior, superior, and posterior joint spaces and the anteroposterior and mediolateral condylar widths after treatment, indicating that restrictions of the mandible in the transverse or sagittal plane do not affect the temporomandibular joint positions because of the high adaptability of this joint.
At the beginning and end of treatment, there were no statistically significant differences in the mandibular fossa depth, angle between the long axis of the mandibular condyle and the midsagittal plane, and vertical distance from the geometric centers of the condyles to the midsagittal plane between the right and left temporomandibular joints. So this treatment didn't lead to asymmetrical positioning of the temporomandibular joint.
